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(54) UGHT PULSE GENERATING CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent polarization 
condition from being changed and to improve operational 
stability by using the components of all a polarization 
holding type and coupling all of these optical main axes 
in parallel or perpendicularly. 

SOLUTION: A pulsed light source 10 which generates 
SO light pulses, an optical amplifier 11, a nonlinear 
optical medium 12, an optical band-pass filter 13 and a 
dispersion compensator 14 are defined as a polarization 
holding type, all optical axes of each component are 
coupled in parallel or perpendicular by an optical 
coupling means 20 of the polarization holding type. In 
this way, in the case using optical parts of optical fiber 
structure when respective elements are defined as the 
polarization holding type, the elements can be structured 
by ANDA fibers or elliptic core fibers. By this, changes in 
the polarization condition of output pulses and pulses 
can be made small for mechanical vibrations and 
temperature variation, etc. Since the components for 

controlling the conditions of polarization is unnecessitated the loss of the entire system can be 
reduced, and the device can be made small in size and low in cosL 



9m 










2} 



LEGAL STATUS 

[Date of request for examination] 26.10.1999 

[Date of sending the examiner s decision of 25.06.2002 

rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 3369833 

[Date of registration] 1 5.1 1 .2002 



http://www19.ipdl.inpit.gojp/PA1/result/detail/main/wAAA0AaiSDDA409236834... 2007/10/23 



Searching PAJ 



2/2 ^— V 



[Number of appeal against examiner s decision 2002-014074 
of rejection] 

[Date of requesting appeal against examiner's 25.07.2002 
decision of rejection] 
[Date of extinction of right] 



http://www19.ipdl.inpit.gojp/PA1/result/detail/main/wAAA0AaiSDDA409236834.^^ 2007/10/23 



JP,09-236834,A [CLAIMS] 



1/1 ^-v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The source of pulsed light which generates the light pulse of a predetermined repeat 
frequency, and the optical amplifier which amplifies said light pulse, the amplified light pulse — 
super KONTINIAMU (it is called "SC" below — ) In the light pulse generator equipped with the 
nonlinear optics medium changed into a light pulse, the optical band pass filter which cuts off the 
predetermined wavelength region in the spectrum of said SC light pulse, and the distributed 
compensator with which the char ping of said SC light pulse is compensated The light pulse 
generator which uses said source of pulsed light, an optical amplifier, a nonlinear optics medium, 
an optical band pass filter, and a distributed compensator as a polarization maintenance mold, 
and is characterized by being the configuration which combined the whole of each optical main 
shaft with parallel or a rectangular cross. 

[Claim 2] A light pulse generator according to claim 1 and the optical turnout which branches 
spatially SC light pulse outputted from said light pulse generator to N individual (N is two or 
more integers). The optical modulator of N individual which modulates the reinforcement or the 
phase of SC light pulse of said N individual by the predetermined signal, respectively. The optical 
delay machine of N individual which gives delay which is different on a time-axis, respectively to 
the light pulse signal of each channel. The light pulse generator which multiplexs the light pulse 
signal of an N channel, is equipped with the optical multiplexing machine outputted as a Time- 
Division-Multiplexing lightwave signal, uses said optical turnout, an optical modulator, an optical 
delay machine, and an optical multiplexing machine as a polarization maintenance mold, and is 
characterized by being the configuration which combined the whole of each optical main shaft 
with parallel or a rectangular cross. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light pulse generator made to generate the 
high speed and ultrashort light pulse used for optical communication, or optical measurement and 
others. 
[0002] 

[Description of the Prior Art] It has been an important technical problem how implementation of 
ultra high-speed light measurement of ultra high-speed optical communication, an optical 
sampling, etc. can be made to generate a light pulse with it (380 bibliography: "the ultra high- 
speed light wave form measuring method by the optical sampling using sum cycle light 
generating" besides Takayoshi , the Institute of Electronics, Information and Communication 
Engineers paper magazine, B-I, vol,J75-B-I, No. 5, pp.372- 1992). . [ narrow pulse width and ] 
[ stable ] 

[0003] There are combination of a ring resonator mold mode locked laser, a Fabry-Perot 
resonator mold mode locked laser, gain switching semiconductor laser, CW semiconductor laser, 
and an electroabsorption modulator and others in the conventional source of pulsed light 
Drawing 4 shows the example of a configuration of the conventional ring resonator mold mode 
locked laser. In drawing, "rt is the optical amplifier with which 41 amplifies an optical modulator 
and 42 amplifies a light pulse, the optical band pass filter (BPF) with which 43 determines 
oscillation wavelength within the gain spectral band width of an optical amplifier, the optical 
turnout from which 44 takes out a part of light pulse (mode locked laser output light) outside, 
and the optical delay machine to which 45 carries out adjustable [ of the optical path length ]. 
and they are combined in the shape of a ring through the optical coupling means 46, and a ring 
resonator is constituted. An oscillator 49 is connected to an optical modulator 41 through a 
voltage amplifier 48 with direct current voltage supply 47, and it is the frequency fO of an 
oscillator 49. The loss or the phase of light which responds and spreads the inside of a ring 
resonator Is modulated, and it is the repeat frequency fO, A light pulse train is generated. 
[0004] It sets in the source of pulsed light of above others, and is the frequency fO of an 
oscillator similarly. It responds and repeats and is a frequency fO. A light pulse train can be 
generated. However, the pulse width of such output light was more than the number ps. On the 
other hand, it is pulse width at the repeat frequency of 6GHz or more as a technique announced 
recently. There is an SC light pulse evolution method which generates the high speed and 
ultrashort light pulse of 0.5 or less pses (bibliography: T.Morioka et al.. "Nearly penelty-free and 
4 ps supercontinuum WDM pulsegeneration for Tbit/s TDM-WDM network". OFC94 and PD21, 
1994). . 

[0005] Drawi ng 5 shows the example of a configuration of the light pulse generator which used 
SC light pulse generating. In drawing, 50 is a source for excitation of pulsed light, and 51 is an 
optical amplifier and an optical coupling means by which an optical band pass filter (BPF) and 55 
combine a distributed compensator, and, as for a polarization controller and 53, 56 combines 
each component for 52 optically, as for the nonlinear optics medium for SC light generating, and 
54. A ring resonator mold mode locked laser as shown in drawing 4 is used for the source 50 for 
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excitation of pulsed light A rare earth addition fiber is used for an optical amplifier 51. An optical 
fiber is used for the distributed compensator 55. 

[0006] Hereafter, the generating process of SC light pulse is explained with reference to d rawin g 
6 . The excitation light pulse outputted from the source 50 for excitation of pulsed light is 
amplified with an optical amplifier 51, and after being set as a predetermined polarization 
condition with the polarization controller 52, incidence of it is carried out to the nonlinear optics 
medium 53 for SC light generating ( drawing 6 (a)). At this time, it is wavelength lambdaP of 
excitation light. It sets up so that the zero dispersive wave length of the nonlinear optics medium 
53 for SC light generating may become near, and if it amplifies so that the peak power of 
excitation light may become high enough, the conversion to SC light pulse from an excitation 
light pulse will break out within the nonlinear optics medium 53 for SC light generating, 
[0007] This SC light pulse is drawing 6 (b). It becomes a light pulse train with the spectral band 
width of an extensive wavelength region dozens of nm or more so that it may be shown. And SC 
light pulse of desired wavelength lambdaSC is cut off using the optical band pass filter 54 
( drawin g 6 (c)). When filtered SC light pulse has a char ping (optical frequency should differ in 
time within a light pulse) under the effect of the distributed property of the nonlinear optics 
medium 53 for SC light generating at this time, it changes into the light pulse train which 
controls this char ping by the distributed compensator 55, and does not have a char ping 
( drawing 6 (d)). In addition, when there is no char ping in SC light pulse in the cut-off spectral 
band width, the distributed compensator 55 is unnecessary. 

[0008] The spectral band width of obtained SC light pulse is determined by the bandwidth of the 
optical band pass filter 54. When this bandwidth is set to deltaf and light pulse width efface is 
set to deltat, these products (time amount bandwidth product) are delta f-delta t>=C. — It is set 
to (1) and becomes more than Fourier transform threshold value. Here, C is a value decided by 
the configuration of a light pulse, for example, in the case of a gauss mold, is C= 0.44 and sech2. 
In the case of a mold, it is set to C= 0.31. Especially, It is (1) type and a light pulse in case an 
equal sign is realized is called a Fourier transform marginal pulse. 

[0009] When there is no char ping in SC light pulse, a Fourier transform marginal pulse is 
acquired. Therefore, light pulse width-of-face deltat of SC light pulse is deltat=C/deltaf. — It 
turns out that it is set to (2) and a light pulse with narrow pulse width is obtained by increasing 
bandwidth deltaf. For example, if it is set as deltaf= 650GHz (wavelength of about 5nm) and a 
light pulse wave is assumed to be a gauss mold, pulse width deltat= 0.5ps will be obtained. 
Therefore, since the ultrashort light pulse of the pulse width of a sub picosecond can be 
obtained, this SC light pulse evolution method is hundreds Gbit/s. A communication link, optical 
sampling light wave form measurement of high time resolution, etc. are attained with a ultra high- 
speed light of a field. 
[0010] 

[Problem(s) to be Solved by the Invention] It is thought that generating of SC light pulse breaks 
out by compound of nonlinear optical effects, such as self-phase modulation which has the 
polarization dependency of incident light, 4 light-wave mixing, and the Raman magnification. 
Therefore, also in the configuration shown in drawing 5 , the generating effectiveness and the 
spectrum of SC light pulse change depending on the polarization condition of an excitation light 
pulse. Therefore, using the polarization controller 52, the polarization condition of the excitation 
light pulse after magnification was adjusted so that it might become the the best for SC light 
pulse generating. 

[001 1] By the way, with the configuration, the optical fiber (it is 1km or more at an optical 
amplifier with 10m or more and the nonlinear optics medium for SC light generating) of the long 
picture which does not hold polarization as an optical amplifier 51 or a nonlinear optics medium 
53 for SC light generating is used conventionally which is shown in drawin g 5 . Therefore, though 
the light pulse by which the polarization condition was stabilized from the source 50 for 
excitation of pulsed light is generated, change of a polarization condition tends to break out 
inside an optical fiber under a mechanical vibration or the effect of a temperature change. 
Moreover, since the optical band pass filter 54, the distributed compensator 55, and the optical 
coupling means 56 were not polarization maintenance molds, either, there was a trouble that the 
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polarization condition of SC light pulse changed in time also after SC light pulse generating. 
[0012] In the optical communication mentioned above or the field of optical measurement, an 
optical modulator, an optical gate component, etc. with a polarization dependency are used in 
many cases. Therefore, since it was easy to produce level variation, a polarization change of 
state, etc. of SC light pulse by external fluctuation, the light pulse generator using the 
conventional SC light pulse generating was difficult for actually applying. This invention aims at 
offering the light pulse generator which can prevent change of the polarization condition of SC 
light pulse by external fluctuation in the configuration which generates SC light pulse. 
[0013] 

[Means for Solving the Problem] The light pulse generator of claim 1 is the configuration which 
used as the polarization maintenance mold the source of pulsed light and optical amplifier which 
generate SC light pulse, the nonlinear optics medium, the optical band pass filter, and the 
distributed compensator, and combined all of these optical main shafts with parallel or a 
rectangular cross. Thus, by using each component of a light pulse generator as a polarization 
maintenance mold, change of a polarization condition can be prevented and stability of operation 
can be raised. 

[0014] The light pulse generator of claim 2 branches SC light pulse in several channel minutes, 
modulates each SC light pulse by signal, respectively, in the configuration delay which is different 
to each light pulse signal, respectively is given [ configuration ], and it multiplexs 
[ configuration ], uses each component as a polarization maintenance mold, and combines all 
optical main shafts with parallel or a rectangular cross. Thereby, change of a polarization 
condition can be prevented in the process of Time Division Multiplexing of a light pulse signal, 
and stability of operation can be raised. 
[0015] 

[Embodiment of the Invention] Drawing 1 shows the operation gestalt of the light pulse generator 
of claim 1. In drawing, the source for excitation of pulsed light where 10 generates the light pulse 
of single polarization, and 11 are the optical amplifier of a polarization maintenance mold, and an 
optical-coupling means of a polarization maintenance mold to by_which in the nonlinear optics 
medium for SC light generating of a polarization maintenance mold, and 13 the optical band pass 
filter (BPF) of a polarization maintenance mold and 14 combine with the distributed compensator 
of a polarization maintenance mold, and 20 combines [ 12 ] the optical main shaft of each 
component with parallel or a rectangular cross altogether. 

[0016] The quartz system optical waveguide of the optical amplifier using the rare earth addition 
fiber as an optical amplifier 11 of a polarization maintenance mold, a semiconductor laser 
amplifier, and the planar mold that carried out rare earth addition can be used. As a nonlinear 
optics medium 12 for SC light generating of a polarization maintenance mold, an optical fiber, 
semiconductor waveguide, an organic crystal, or organic waveguide can be used. As a distributed 
compensator 14 of a polarization maintenance mold, an optical fiber, the quartz system optical 
waveguide of a planar mold, semiconductor waveguide, a diffraction-grating pair, a prism pair a 
Gires-Tournois interference system, and a fiber grating can be used. 

[0017] What Is necessary is here, just to make it a PANDA fiber and an ellipse core fiber 
configuration, in using the optical components of optical fiber structure, when using as a 
polarization maintenance mold each element which constitutes a light pulse generator. Moreover, 
since these are form birefringence ingredients and have already had polarization holdout in using 
components and components, such as quartz system optical waveguide of a planar mold, a semi- 
conductor, and a crystal, it can use as it is. 

[0018] Moreover, what is necessary is just to transpose a component part and a component to 
polarization maintenance molds, such as a PANDA fiber, an ellipse core fiber, quartz system 
optical waveguide of a planar mold, semiconductor waveguide, and a crystal, in the combination 
of the above-mentioned ring resonator mold mode locked laser, a Fabry-Perot resonator mold 
mode locked laser, gain switching semiconductor laser, CW semiconductor laser, and an 
electroabsorption modulator, and other configurations, in order to generate the light pulse of 
single polarization in the source 10 for excitation of pulsed light. 

[0019] Furthermore, all of the optical main shaft of these components are combined with parallel 
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or a rectangular cross. Thereby, since the polarization direction of the light pulse in equipment 
does not change with external fluctuation but a guided wave is held and carried out in the same 
polarization direction, the unstable actuation by change of a polarization condition does not 
break out. Moreover, since the polarization controller needed conventionally becomes 
unnecessary, the loss is also cancelable while a configuration becomes easy. 
[0020] Drawing 2 shows the operation gestalt of the light pulse generator of claim 2. In drawing, 
10—14 are the same as that of the 1st operation gestalt. However, the optical amplifier of the 
polarization maintenance mold with which 11-1 is arranged at the preceding paragraph of the 
nonlinear optics medium 12 for SC light generating, and 11-2 are the optical amplifiers of the 
polarization maintenance mold arranged in the latter part of the distributed compensator 14. With 
this operation gestalt. the Time-Division-Multiplexing section 19 further constituted with the 
optical multiplexing vessel 18 of the optical turnout 15 of a polarization maintenance mold, the 
optical modulator 16-1 of a polarization maintenance mold - 16-N, the optical delay machine 17- 
1 of a polarization maintenance mold - 17-N. and a polarization maintenance mold is connected. 
[0021] As the optical turnout 15 and the optical multiplexing machine 18 of a polarization 
maintenance mold, the optical fiber mold coupler which consists of a PANDA fiber or an ellipse 
core fiber can be used, as the optical modulator 16 of a polarization maintenance mold — 
LiNb03 etc. — the optical modulator using an electro-optical effect ingredient, an electric-field 
absorption mold semi-conductor modulator, etc. can be used. As an optical delay machine 17 of 
a polarization maintenance mold, a PANDA fiber and an ellipse core fiber can be used and the 
time amount spread with the die length is adjusted. Moreover, what was formed on the quartz 
system optical waveguide of a planar mold may be used for the optical turnout 15, the optical 
delay machine 17. and the optical multiplexing machine 18. 

[0022] Drawing 3 shows the example of the Time-Division-Multiplexing section 19 of operation. 
N division is carried out, by the optical modulator 16-1 - 16-N, reinforcement or a phase is 
modulated and SC light pulse inputted into the optical turnout 15 from the optical amplifier 11-2 
is encoded independently, respectively. Then, delay which is different by the optical delay 
machine 17-1 - 17-N, respectively is given so that the lightwave signal of an N channel may not 
lap on a time-axis ( drawing 3 (a) - (c)). By multiplexing these lightwave signals with the optical 
multiplexing vessel 18, Time Division Multiplexing of the lightwave signal of an N channel can be 
carried out ( drawin g 3 (d)). 

[0023] With the configuration of this invention, all components are used as a polarization 
maintenance mold, and all of these optical main shafts are combined with parallel or a 
rectangular cross. Therefore, since the polarization direction of the light pulse in equipment does 
not change with external fluctuation but a guided wave is held and carried out in the same 
polarization direction, the stable Time-Division-Multiplexing lightwave signal of single polarization 
can be acquired. 
[0024] 

[Effect of the Invention] As explained above, the light pulse generator of this invention can make 
small the polarization condition of an output light pulse, and change of level to mechanical 
oscillation, temperature fluctuation, etc. by using all components as a polarization maintenance 
mold, and combining all optical main shafts with parallel or a rectangular cross further. Moreover, 
since the component for controlling a polarization condition becomes unnecessary, loss of the 
whole system can be reduced and miniaturization and low cost-ization can be attained. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the light pulse generator made to generate the 
high speed and ultrashort light pulse used for optical communication, or optical measurement and 
others. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the operation gestalt of the light pulse generator of claim 
1. 

[Drawing 2] The block diagram showing the operation gestalt of the light pulse generator of claim 
2. 

[Drawing 3] Drawing showing the example of the Time-Division-Multiplexing section 1 9 of 
operation. 

[Drawing 4] The block diagram showing the example of a configuration of the conventional ring 
resonator mold mode locked laser. 

[Drawing 5] The block diagram showing the example of a configuration of the light pulse 
generator using SO light pulse generating. 

[D rawing 6] Drawing explaining the generating process of SO light pulse. 
[Description of Notations] 

10 Source for Excitation Light of Single Polarization of Pulsed Light 

1 1 Optical Amplifier of Polarization Maintenance Mold 

12 Nonlinear Optics Medium for SC Light Generating of Polarization Maintenance Mold 

13 Optical Band Pass Filter of Polarization Maintenance Mold (BPF) 

14 Distributed Compensator of Polarization Maintenance Mold 

15 Optical Turnout of Polarization Maintenance Mold 

16 Optical Modulator of Polarization Maintenance Mold 

17 Optical Delay Machine of Polarization Maintenance Mold 

18 Optical Multiplexing Machine of Polarization Maintenance Mold 
20 Optical Coupling Means of Polarization Maintenance Mold 

50 Source for Excitation Light of Pulsed Light 

51 Optical Amplifier 

52 Polarization Controller 

53 Nonlinear Optics Medium for SC Light Generating 

54 Optical Band Pass Filter (BPF) 

55 Distributed Compensator 

56 Optical Coupling Means 
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DRAWINGS 
[Drawing 1] 
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[Drawing 3] 
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^£5aMSr-^x:5 (ia3(a)~(c)) = C4xP)<o^{t*^ 
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2 0 u^'mm.iy^m^^'^ 

5 0 ilt«2)tffl/NVVX3feJ^ 

5 1 

5 2 iiptSW^ 

5 3 scim^m^^m.'^.it^m. 

54 hV^^^^w^/V^ (BPF) 

5 5 5>S5:lig^ 
5 6 



(5) 



#K¥9-2 3 6 8 3 4 



[01 ) 



10 



20 



20 



12 



20 

1 




BPF 



(a) 9=•+:^^H 



(b) ^\^)V2 



<c) J'+I^il-N 



(d) i^5^«f$S 



(US] 





(6) ^l8¥9-2 3 6 8 34 




(7) 



^m^9-2 3 6 8 3 4 



1114] 




me] 

»S4 



(a) Afiyt 



(b) SCMt/^il'X 



(c) y^)i^irvycr 



A sc 

(d) ^♦-evir«« 



I 



lifti©fe/'f;u:;t(0/<;i'X« 



ai-nma±. 



